Abstract: Bacterial expression of -lactamases is the most widespread resistance mechanism to -lactam antibiotics, such as penicillins and cephalosporins. There is a pressing need for novel, non--lactam inhibitors of these enzymes. One previously discovered novel inhibitor of the -lactamase AmpC, compound 1, has several favorable properties: it is chemically dissimilar to -lactams and is a noncovalent, competitive inhibitor of the enzyme. However, at 26 µM its activity is modest. Using the X-ray structure of the AmpC/1 complex as a template, 14 analogues were designed and synthesized. The most active of these, compound 10, had a Ki of 1 µM, 26-fold better than the lead. To understand the origins of this improved activity, the structures of AmpC in complex with compound 10 and an analogue, compound 11, were determined by X-ray crystallography to 1.97 and 1.96 Å, respectively. Compound 10 was active in cell culture, reversing resistance to the third generation cephalosporin ceftazidime in bacterial pathogens expressing AmpC. In contrast to -lactam-based inhibitors clavulanate and cefoxitin, compound 10 did not up-regulate -lactamase expression in cell culture but simply inhibited the enzyme expressed by the resistant bacteria. Its escape from this resistance mechanism derives from its dissimilarity to -lactam antibiotics.
Introduction
Microbial resistance to antibiotics is now a serious threat to public health. 1,2 A pressing problem is resistance to the -lactam antibiotics, including the penicillins and cephalosporins, which are among the most widely used class of antibiotics. Several mechanisms contribute to this resistance, including mutations in the target of these drugs, cell-wall biosynthesis transamidases called penicillin binding proteins, deletion and modification of the porin channels through which the drugs diffuse, and expression of pumps that export the drugs out of the bacterial cells. [3] [4] [5] [6] The most widespread resistance mechanism remains the expression of -lactamase enzymes, which hydrolyze the lactam bond in the eponymous -lactam ring of these drugs, inactivating them. 7, 8 To overcome these resistance enzymes, -lactam molecules that inhibit (e.g. clavulanic acid) or evade (e.g. aztreonam)
-lactamases have been introduced. These molecules are themselves -lactams and, like the penicillins, most are derivatives of microbial natural products that have been in the biosphere over evolutionary time. Consequently, resistance to them has evolved rapidly, often in the -lactamases themselves. 9 Mutant enzymes have arisen that can evade -lactam-based -lactamase inhibitors. [10] [11] [12] Enzymes that are naturally resistant to current inhibitors, including class C -lactamases such as AmpC, have become prominent in clinical settings. 13 nisms that alter the expression levels of the enzymes in the presence of the drugs or the inhibitors have appeared. There are strains of pathogenic bacteria that, recognizing the presence of a -lactam-based inhibitor, will overexpress the -lactamase that these drugs are meant to inhibit. 14 There is thus a pressing need for novel -lactamase inhibitors, not based on a -lactam core structure. Such inhibitors would not be hydrolyzed by -lactamases or mutant -lactamases and would not be recognized by the suite of bacterial resistance mechanisms mobilized against -lactams. 15 Recently, we reported the structure-based discovery of a novel, noncovalent inhibitor of the widespread class C -lactamase AmpC, compound 1 (Figure 1) . 16 This compound is dissimilar to penicillins and cephalosporins and binds to the enzymes noncovalently and reversibly, in contrast to the -lactam substrates and inhibitors. Despite these differences, the X-ray crystal structure of the AmpC/1 complex revealed that 1 complements the core of the active site, interacting with key residues involved in -lactam recognition and hydrolysis such as Ser64, Lys67, Asn152, and Tyr221. We concluded that the ligand recognition encoded by the AmpC structure was plastic enough to accommodate inhibitors genuinely dissimilar to -lactams, allowing a new departure in the medicinal chemistry of their inhibitors.
The very novelty of this inhibitor posed several problems, ones that are perhaps shared by many genuinely new leads. First, the inhibition constant of compound 1 was, at 26 µM, weak, and its activity in vivo was poor. Moreover, its novelty confronted us with an unanticipated design problem. Whereas one can draw upon 60 years of medicinal chemistry in designing analogues of -lactams, 17 something we ourselves have done in the past, 18,19 in a novel series this course is unavailable. Second, whereas -lactams are eVolVed for cellular efficacy, neither the purely synthetic compound 1 nor its analogues need be active against bacteria. Having discovered a novel lead, the question became, could we improve its affinity and biological activity?
Here we describe our preliminary efforts to improve this series of inhibitors. We continue to use a structure-based approach. In the structure of the AmpC/1 complex, the inhibitor complements the core of the active site but leaves a distal region open. We sought derivatives to take advantage of this region that were relatively easy to synthesize and would not diminish the solubility and "leadlike" properties of the inhibitors. 20 We therefore focused on derivates that made new interactions with polar residues in the distal part of the AmpC site, including Arg204, or that tested features of the ligands that appeared important for binding. Fourteen analogues were synthesized, the best of which bound to AmpC with 26-fold improved affinity over 1. To understand their improved affinity, X-ray crystal structures were determined for two of the new analogues in complex with AmpC. To explore their biological potential, several of the new inhibitors were tested in bacterial cell culture against clinical pathogens. We observe intriguing differences in their biological effects on resistant bacteria compared to classic, -lactam-based inhibitors such as clavulanate and cefoxitin.
Results

Synthesis.
The synthesis of the methyl ester intermediates and their corresponding acids was accomplished by reacting the sulfonyl chloride with the appropriate amine in anhydrous pyridine (Scheme 1). The only exception was in the synthesis of compound 4A, where the amine reacted with the monomethylphthalate in the presence of diisopropylamine (DIEA) and benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) to afford the desired methyl ester (Scheme 2). Each ester was subsequently hydrolyzed by suspending it in sodium hydroxide and isolating the final acids through precipitation with dilute HCl.
All intermediate esters (1A-14A) were characterized either through elementary analysis or monodimensional 1 H NMR, or both, whereas all final carboxylic acids (1-14) were characterized through monodimensional 1 H NMR and either mass spectroscopy or elementary analysis, or all three (see Materials and Methods and Supporting Information, Table S1 ). The structures of all compounds were consistent with their analytical and spectroscopic data.
Design, Enzymology, and Binding Affinity. We wished to investigate which groups in the lead inhibitor 1 were critical for binding, and should be maintained, and where we could improve affinity through chemical elaboration. We first focused on the 3-(sulfonylamino)-2-carboxylic acid thiophene moiety of 1 (Figure 1) , which in the AmpC complex structure hydrogen 
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bonds with active site residues. For instance, the carboxylate of 1 binds in the "oxyanion" hole of AmpC, hydrogen bonding with main chain amide nitrogens, Ser64, and a conserved water molecule (Wat401), while the sulfonamide hydrogen bonds with the conserved Asn152 of AmpC. Derivates that replaced the thiophene carboxylate with a methyl ester substantially reduced affinity, consistent with the importance of the ion-dipole interactions made by this carboxylate (e.g., compound 1A, Table  1 ). Similarly, inverting the order of the sulfonyl-amino group reduced affinity 10-20-fold (compare compounds 1 and 2 or 11 and 14, Table 1 ), and replacing the sulfonamide with an amide reduced affinity 8-fold, consistent with the importance of the hydrogen bond between this group and Asn152 observed crystallographically. We also replaced the thiophene of 1 with a more synthetically tractable benzene. This substitution diminished activity, but by less than 2-fold (compound 4, Table 1 ).
In an attempt to increase the affinity of compound 1, we considered derivates that improved either the apolar or polar complementarity in the distal chloro-phenyl ring of the inhibitor. This functionality is located in a more open region of the active site, flanked by the conserved Tyr221 on the "floor" of the active site, bulk solvent at the "top" of the inhibitor, and polar and apolar residues such as Arg204, Gly320, Thr319, and Val211 to its side. Introducing bulk or hydrophobicity, such as Scheme 1. Synthesis of 3-((4-chloroanilin)sulfonyl)thiophene-2-carboxylic Acid Derivatives a a Step a: Py dry, 50°C, N2.
Step b: 2 N NaOH, 80°C, HCl dil.
Scheme 2. Synthesis of N-(4-Chlorophenyl)phthalamic Acid Derivative a a Step c: DMF, DIEA, PyBOP. 60°C, N2.
Step b: 2 N NaOH, 80°C, HCl dil. in 5, 6, and 13, affected affinity only modestly. More polar derivates, such as carboxylate and hydroxyl groups, improved affinity more substantially, up to 26-fold in compounds 7-10 (Table 1) .
X-ray Crystallographic Structure Determination. To investigate the structural bases for the higher affinities found for the new series, we determined the crystal structure of AmpC in complex with compound 10 and with compound 11 at 1.97 and 1.96 Å resolution, respectively (Table 2 ). Proline and glycine residues excluded, 92.2% of the amino acids were in the most favored regions of the Ramachandran plot and 7.8% were in the additionally allowed regions for the crystal structure of AmpC/10. For AmpC/11, 92.5% of the nonproline and nonglycine amino acids were in the most favored regions of the Ramachandran plot and 7.5% were in the additionally allowed regions. The positions of both inhibitors in the active sites of each structure were unambiguously identified in the initial F o -F c difference map contoured at 3σ. In the AmpC/10 complex, the inhibitor was observed and modeled in both monomers in the asymmetric unit, whereas in the AmpC/11 complex, the inhibitor was only observed and modeled in one of the two monomers.
Overall, the complexes with 10 and 11 resemble that of the AmpC/1 complex, with a few interesting differences. Key hydrogen bond interactions in the conserved parts of all three structures, the thiophene-carboxylate and the sulfonamide functionalities, are maintained (Tables S2 and S3 , Supporting Information; Figures 2 and 3) . The thiophene carboxylate in both 10 and 11 hydrogen bonds with both the Oγ and the mainchain NH of the hydrolytic Ser64, with a third hydrogen bond formed with the main-chain nitrogen of Ala318 and a fourth with the conserved Wat401. There are two enzyme monomers in the asymmetric unit in the AmpC structures, and in one of them, monomer 2, a fifth hydrogen bonds is formed to Wat481. As with the lead compound 1, the thiophene ring is within van der Waals distance of residues Leu119 and Leu293, which form a hydrophobic patch on AmpC. A sulfonamide oxygen interacts with the Oγ of Ser64 and the N of Lys67; the other hydrogen bonds with the Nδ2 of Asn152. As in the AmpC/1 complex, the nitrogen atom of the sulfonamide interacts with the mainchain oxygen of Ala318.
Differences emerge in the 4′-carboxylate-2′-hydroxy benzene ring, which is the point of substitution for compound 10. The ring itself appears to form edge-to-face quadrupole interactions with Tyr221 via the introduced 2′-hydroxyl of 10; the distance between this hydroxyl and Cδ1 of Tyr221 is 3.43 Å. This interaction is also present in the structure of the lead 1, but in this case it appears to be a ring-ring or quadrupolar interaction, whereas with 10 the intercession of the hydroxyl makes it a dipole-quadrupolar interaction. The presence of the 2′-hydroxyl also displaces 10 slightly "up" in the site, moving the center of the ring away from Tyr221 and toward polar residues such Arg204 and Thr319, by about 0.2 Å in monomer 2. In both crystallographic monomers 1 and 2 of AmpC the 4′-carboxylate points toward the solvent accessible entry of the binding site. In monomer 1, this carboxylate hydrogen bonds with an ordered water molecule, Wat521 (distance 2.9 Å), which in turn hydrogen bonds with the N of Arg204 (distance, 2.8 Å). In monomer 2, Arg204 adopts a different conformation and these interactions are not observed. Instead, a new interaction is observed between Gln120 and the sulfonamide of 10, with the Gln120 in this monomer pointing toward the inhibitors rather 
Structure-Based Optimization of Non--Lactam Lead
A R T I C L E S than out of the site, as it does in monomer 1. Also in monomer 2, difference electron density suggests that a second conformation of the inhibitor may exist, with the distal phenyl ring rotated by 180°, allowing the 2′-hydroxyl group to hydrogen bond with the side chain of Asn343 through an ordered water molecule. To investigate how important these polar and quadrupolar interactions might be, we also determined the structure of the AmpC/11 complex by X-ray crystallography. Compound 11 replaces the 4′-carboxylate of 10 with a 3′-nitro and correspondingly loses an order of magnitude in affinity (Table 1 ). In the structure of the AmpC/11 complex, the inhibitor is moved slightly down in the site, keeping the quadrupole edge-to-face stacking with Tyr221, but this time without the intercession of the 2′-hydroxyl, which is no longer present. The 3′-nitro is relatively distant from Arg204, and we observe no interaction with an ordered water; the loss of these polar interactions may be consistent with the diminished affinity for this inhibitor.
Microbiology. To investigate the potential of these compounds to reverse antibiotic resistance, we undertook antimicrobial activity studies in bacterial cell culture. Compounds 10 and 11 were tested for synergy with the third generation cephalosporin ceftazidime (CAZ) against pathogenic bacteria from clinical isolates from the Clermont-Ferrand University Hospital (France), and the results were compared with those of the lead compound 1. Strains tested were E. aerogenes 298, E. cloacae P99, C. freundii 63, K. pneumoniae Kus, K. pneumoniae 704, and P aeruginosa CF34. All were resistant to CAZ because of the expression of class C -lactamases. The minimum inhibitory concentration (MIC) of CAZ against these pathogens ranged from 256 to 64 µg/mL (Table 3; Figure 4 ).
Compound 10 increased bacterial susceptibility to CAZ, improving its MIC values by 4-to 8-fold. This was sufficient to partially restore clinically relevant susceptibility for E. Aerogenes 298, E. cloacae P99, C. freundii 63, and K. pneumoniae 704. Conversely, the lead compound 1 and compound 11, both of which have lower affinities than does 10, had relatively little effect on the potency of CAZ. Consistent with this result, 10 synergized the activity of CAZ and the penicillin piperacillin (PIP) in disk diffusion assays, as can be seen by the characteristic tear-drop shapes of the zones of bacterial growth inhibition ( Figure 5 ). This contrasts dramatically with the same experiment performed with the -lactambased inhibitors clavulanate and cefoxitin (IC 50 of 340 nM vs AmpC; not shown), both of which induce AmpC expression. 15, 21, 22 Although clavulanate and cefoxitin inhibit the AmpC- Table S3 , Supporting Information. type -lactamase expressed by these cells, they nevertheless antagonize the activity of CAZ and PIP in the disk diffusion studies. This results in flattened zones of bacterial grown inhibition, reflecting the up-regulation of -lactamase production in the E. cloacae bacteria.
Discussion
There is a pressing need for novel inhibitors to combat antibiotic resistance, but the discovery of such confronts one with new problems. In the case of lead compound 1, a non--lactam inhibitor of -lactamases, the challenges were to improve the binding affinity in a series where one could not simply apply 60 years worth of -lactam structure-activity relationships and to improve the biological efficacy in a scaffold that, unlike -lactams, had not been evolved for in vivo activity. Three important results emerge from our preliminary efforts to improve this series of compounds. First, a cycle of structure-based design and testing led to small, soluble inhibitors whose improved affinities could be explained on the basis of the X-ray structures subsequently determined for their complexes. Second, the improved affinity is mirrored by the improved activity in cell culture. Third, new biology follows from the new chemical structures in this series, which, not being -lactams, simply inhibit -lactamase and do not up-regulate its expression in cell culture, as do classic -lactam-based inhibitors such as clavulanate ( Figure 5 ). 7 It is encouraging that modest changes in this series can improve inhibition significantly (compare the lead 1 with 10, Table 1 ). Also, the resulting analogues remain relatively soluble and small, leaving further room for chemical elaboration. Indeed, an encouraging aspect of this series is that increased affinity comes from polar groups that act to maintain the overall solubility of the compounds, most particularly the addition of a carboxylate on the distal phenyl ring. Exactly what interactions are responsible for the improved affinity is less certain. The crystal structures of the 1.0 µM inhibitor 10 and the 14 µM inhibitor 11 in complex with AmpC suggest that water-mediated interactions with Arg204 are responsible for the improved affinity of 10. This conclusion must be seen as quite tentative at this point, since this interaction is only seen in one of the two monomers of the AmpC/10 complex. From a molecular recognition standpoint, it is surprising that a water-mediated hydrogen bond between the carboxylate and Arg204, in a relatively solvent-exposed region, can significantly improve affinity, though this sort of effect is not unprecedented in AmpC. 23 Other explanations are possible; for instance the improved affinity may derive from an overall improved complementarity to the highly electropositive active site of AmpC. Detailed conclusions as to the importance of these interactions must remain tentative pending more rigorous analyses, such as double-perturbation thermodynamic cycles; 23, 24 what we can say is that the X-ray structures of these complexes provide templates for designing and understanding such experiments. What might justify this effort is that the improved enzyme affinity of inhibitor 10 results in 4-to 8-fold improvement in antibiotic efficacy. In bacterial cell culture, a 1:1 ration of 10 to CAZ synergizes the activity of the latter against widespread hospital pathogens such as E. cloacae and C. freundii (Table 3 and Figure 4 ) and is significantly more potent than the lead compound 1 or compound 11. This antibiotic effect suggests that this series of inhibitors, whose K i values remain relatively modest, may be useful leads for further optimization. The X-ray crystal structures of compound 10 in complex with AmpC provide atomic resolution templates for future design efforts.
Perhaps the most striking result to emerge from this study, however, comes from comparing the effects of the classic -lactam-based inhibitors clavulanate and cefoxitin with those of compound 10 on an inducible strain of E. cloacae. These bacteria up-regulate the expression of class C -lactamase in the presence of -lactams such as clavulanate, thereby overwhelming these -lactams with the very enzyme they are meant to inhibit ( Figure 5A,B) . Conversely, compound 10, which is not a -lactam, simply inhibits the -lactamase expressed by these bacteria, it does not lead to its up-regulation. Thus, the novel chemical structures represented by this series of inhibitors leads to novel, therapeutically relevant biological effects.
Materials and Methods
Chemistry. All reagents were purchased from Sigma-Aldrich or Fluka and were reagent grade. Progress of the reaction was monitored by thin-layer chromatography (TLC) on silica gel plates (Riedel-deHaen, Art. 37341). Merck silica gel (Kieselgel 60) was used for flash chromatography (230-400 mesh) when required. Extracts were dried over MgSO4, and solvents were removed under reduced pressure.
Melting points were determined on a Büchi 510 capillary melting point apparatus and are uncorrected. Elemental analyses were performed on a Perkin-Elmer Elemental Analyzer 240C. 1 H NMR spectra were recorded on a Bruker DPX 200 MHz spectrometer (Centro Interdipartimentale Grandi Strumenti Università di Modena) with trimethylsilane (TMS) as internal standard; the values of the chemical shifts (δ) are given in parts per million and coupling constants (J) in hertz. Dimethyl sulfoxide-d 6 (DMSO-d6) was used as the solvent. Mass spectra were determined on a Finnigan MAT SSQ 710 A mass spectrometer (EI, 70 eV).
3-((4-Chlorophenyl)sulfamoyl)thiophene-2-carboxylic Acid Methyl Ester (1A). The starting amine, 4-chlorophenylamine (35 mg, 0.28 mmol) was dissolved in 10 mL of anhydrous pyridine, and the 3-(chlorosulfonyl)thiophene-2-carboxylic acid methyl ester (100 mg, 0.42 mmol) was added dropwise to the solution under stirring. The reaction was stirred for 24 h, at 50°C, under nitrogen. The resulting solution was treated with water and ice; the crude product, corresponding to the 3-((4-chlorophenyl)sulfamoyl)thiophene-2-carboxylic acid methyl ester (1A) was formed and isolated through filtration. Yield: 73 mg, 80%; mp 87-90°C. Anal. Calcd for C12H10ClNO4S2: C, 43.44; H, 3.04; N, 4.22. Found: C, 43.51; H, 3.10; N, 4.28.
3-((4-Chlorophenyl)sulfamoyl)thiophene-2-carboxylic Acid (1). Compound 1A (60 mg, 0.18 mmol) was suspended in 10 mL of 2 N NaOH, and the reaction was stirred for 1 h at 80°C, until the starting material was completely dissolved. Thereafter, the solution was cooled, and dilute HCl was added until the solution reached pH 2. A precipitate, corresponding to 3-((4-chlorophenyl)sulfamoyl)thiophene-2-carboxylic acid (1) was formed and isolated through filtration. Intermediate ester derivatives (2A-14A) and final carboxylic acids (2-14) were synthesized according to the method followed for 1A and 1. Details are reported in the Supporting Information.
Enzymology. Inhibitors were dissolved in DMSO at a concentration of 50 mM; more dilute stocks were subsequently prepared as necessary. Kinetic measurements were performed using nitrocefin as substrate in 50 mM Tris buffer, pH 7.0, and monitored in an HP8453 UV-vis spectrophotometer. The Km of nitrocefin for AmpC in this buffer was 127 µM. The concentration of AmpC was determined spectrophotometrically in concentrated stock solutions made from lyophilized powder and subsequently diluted; this enzyme had been previously expressed and purified, as described. 15 The concentration of enzyme in all reactions was 1.75 nM. Inhibition Ki values were obtained from IC50 plots assuming competitive inhibition, an assumption consistent with both previous inhibition patterns in this series 16 and with experiments investigating the effect of increasing substrate concentrations (not shown). For compound 10, the K i value was also obtained by comparison of progress curves in the presence and in the absence of inhibitor; 18,25,26 the result was consistent with the value determined from the IC50 plots.
Crystal Growth and Structure Determination. Cocrystals of AmpC in complex with compounds 10 and 11 were grown by vapor diffusion in hanging drops equilibrated over 1.8 M potassium phosphate buffer (pH 8.7) using microseeding techniques. The initial concentration of the protein in the drop was 3.8 mg/mL, and the concentrations of compounds 10 and 11 were 0.8 mM. The compounds were added to the crystallization drops in a 1.2% DMSO, 1 M potassium phosphate buffer (pH 8.7) solution. Crystals appeared a few weeks after equilibration at 21°C. Before data collection, crystals were immersed in a cryoprotectant solution of 20% sucrose, 1.8 M potassium phosphate, pH 8.7, for about 30 s, and were flash-cooled in liquid nitrogen.
Diffraction data were collected on frozen crystals at the Advance Light Source (ALS, Lawrence Berkeley Laboratory, CA). Both data sets were measured from single crystals. Reflections were indexed, integrated, and scaled using the HKL software package. 27 For both structures, the space group was C2, with two molecules in the asymmetric unit. For AmpC/10, molecule 1 of the asymmetric unit was modeled with 352 residues, including the inhibitor (7 residues, 284-290, were left out due to poor density in this region, which is often disordered in AmpC structures), and molecule 2 was modeled with 359 residues, including the inhibitor. For AmpC/ 11, molecule 1 was modeled with 342 residues (16 residues were left out), and molecule 2 of the asymmetric unit was modeled 359 residues, including the inhibitor. The initial phasing models were an apo AmpC structure (PDB entry 1KE4) for AmpC/10 and an AmpC/boronic acid complex (PDB entry 1MY8) for AmpC/11, with inhibitor, water molecules, and ions removed. The models were positioned using rigid body refinement and refined using the maximum likelihood target in CNS including: simulated annealing, positional minimization, and individual B-factor refinement, with a bulk solvent correction. 28 σ A-weighted electron density maps were calculated using CNS and used in further steps of manual model rebuilding and placement of water molecules with the programs XtalView and O. 29, 30 The inhibitors were built into the 2Fo -Fc and Fo -Fc electron density maps in each active site of the asymmetric unit. Subsequent refinement cycles consisted of positional minimization and B-factor refinement in CNS.
Microbiology.
Compounds 10 and 11 were tested for synergy with the -lactam ceftazidime against pathogenic bacteria from clinical isolates at the Clermont-Ferrant Hospital (France); these bacteria were resistant to -lactams because of the expression of class C -lactamases. Strains of bacteria tested were E. aerogenes 298, E. cloacae P99, C. freundii 63, K. pneumoniae Kus, K. pneumoniae 704, and P. aeruginosa CF34. [31] [32] [33] Minimum inhibitor concentration values were determined with Mueller-Hinton broth using the microdilution method according to NCCLS guidelines. 34 To test the inhibitory activity, compounds were dissolved in DMSO and dilutions were performed using growth medium. An adequate final concentration in which to determine the MIC was obtained where the concentration of DMSO was <1%. The ratio Inhib/CAZ was 1. A control done with DMSO showed that DMSO did not have an effect in the bacteria growth.
For the -lactamase induction experiments, plates of Mueller-Hinton agar were inoculated with a clinical strain of E. cloacae in which production of AmpC is inducible by -lactams (Clermont-Ferrand hospital, unpublished strain). Inhibitors were added to blank disks, and the final content of inhibitor per disk was 128 µg for compound 10 and 8 µg for clavulanic acid. Disks of ceftazidime, cefoxitin, and piperacillin contained 30, 30, and 75 µg, respectively. 35 Data Deposition. The coordinates and structure factors have been deposited in the Protein Data Bank under accession codes 1XGJ for AmpC in complex with compound 10 and under accession code 1XGI for AmpC in complex with 11.
